inverse manner to that of live intact cells (Fig 1G) in the absence of cytotoxicity ( Fig   1  3  2   1H ). Supernatants from infected macrophages showed similar NF-κB activation to 1 3 3 that of live E. faecalis cells (Fig 1G) . To rule out that NF-κB activation was not due to 1 3 4 cytokines secreted by RAW-264.7 macrophages during infection, we also exposed 1 3 5 macrophages to supernatants from bacteria cultures grown in the absence of 1 3 6 macrophages. Supernatants from bacteria cultures weakly activated NF-κB alone 1 3 7 and did not suppress LPS-mediated induction of NF-κB activity, except at MOI 100 1 3 8 ( Fig 1G) . Together, these data suggest that E. faecalis actively prevented NF-κB 1 3 9 activation via a process requiring a heat-modifiable factor that is secreted into cell 1 4 0 supernatants during co-culture with macrophages, and that is produced in the 1 4 1 absence of macrophages only at very high MOI. cells [13, 14] . To investigate whether E. faecalis suppresses cytokine production in 1 4 7 infected macrophages, we measured release of a variety of cytokines and 1 4 8 1 7 1 (S3B and S3D Fig from S3 Fig) . We simultaneously infected macrophages with 1 7 2 E. faecalis and E. coli at these pre-determined MOIs and observed that, while both 1 7 3 E. coli strains MG1655 and UTI89 mono-infection induced NF-κB reporter activity 1 7 4 9 equal to LPS alone, E. faecalis prevented E. coli-induced NF-κB activity in a dose-1 7 5 dependent manner (Fig 3) . From this observation, we hypothesized that E. faecalis 1 7 6 could similarly suppress the host immune response in vivo. (GO:0045087), response to cytokine (GO:0034097), response to biotic stimulus 1 9 0 (GO:0009607), immune effector response (GO:0002252) and regulation of immune 1 9 1 response (GO:0050776), that were significantly enriched (P adj <0.01; Fisher's Exact Test, corrected the 218 terms tested; see Methods section) ( Fig 4A and Fig 4B, The enrichment of GO terms associated with immune function within down-regulated 1 9 6 genes during co-infection in the presence E. faecalis suggested that we might also 1 9 7 observe differential gene expression specifically in genes associated with the cell 1 9 8 populations responding to CAUTI [19] . To test this, we examined the Immunological 1 9 9 1 0 Genome Project (ImmGen) database, which comprises publicly available data from a 2 0 0 collection of immune cell types in C57BL/6J mice [13, 26] . We found that within the 2 0 1 top 50 differentially regulated genes between the mono-infected and co-infected 2 0 2 groups, genes specific for dendritic cells (DC), macrophages (MF), and monocytes 2 0 3 (MO) were over-represented and showed decreased mRNA levels in co-infected 2 0 4 animals, suggesting a reduced infiltration or activation of these cells in the bladder 2 0 5
following-co-infection as compared to mono-infection ( Fig 4C, Table) . Based on downregulation of transcripts associated with interferon regulation (oas 2 1 1 and ifi) and monocytic chemotaxis (CCL12) during E. faecalis-mediated immune 2 1 2 suppression in vivo, we hypothesized that suppression allows UPEC to better 2 1 3 colonize the bladder in the presence of E. faecalis. To test this in a CAUTI model, we 2 1 4 co-infected catheterized mice with 10 7 CFU of E. faecalis OG1RF and 10 7 CFU of 2 1 5 E. coli UTI89, and observed no significant differences in E. coli titers compared to 2 1 6 monomicrobial E. coli infection (Fig 5A and 5B) . By contrast, E. faecalis titers during 2 1 7 co-infection were significantly lower in the bladders but not in kidneys, which could 2 1 8 be a result of tissue tropism of E. faecalis to the kidneys or enhanced clearance as a 2 1 9 result of the E. coli-driven immune activation as previously described for E. coli-
Group B Streptococcus coinfection in the bladder (Fig 5A and 5B) [16, 27] . We 2 2 1 postulated that the immunomodulatory capability of UPEC strain UTI89 may be 2 2 2 sufficient to cause high titer CAUTI such that E. faecalis cannot further augment 2 2 3 infection [28] . Therefore, we hypothesized that colonization by a non-pathogenic, [29]. To test this, we infected catheterized mice with 10 7 E. coli K12 strain MG1655 2 2 7 alone, or 10 7 each of E. coli together with E. faecalis at equal ratios. Similarly to 2 2 8 infection with UTI89, E. coli CFU were not different following co-infection with 2 2 9 E. faecalis in the bladder at 24 hpi compared to E. coli mono-species infection, and 2 3 0 E. faecalis CFU were significantly decreased ( Fig 5C) . By contrast, E. coli CFU were 2 3 1 significantly increased in the kidneys following co-infection with E. faecalis, while 2 3 2 E. faecalis CFU were unchanged ( Fig 5D) . Collectively, these infection studies show context of a polymicrobial CAUTI, can increase the pathogenicity of otherwise non-2 3 5 virulent infectious organism and increase host vulnerability to infection by otherwise 2 3 6 commensal organisms. conditions. E. faecalis strain OG1RF [55] or V583 [56] were grown statically in brain were centrifuged at 6,000 g for 5 minutes and resuspended in PBS at OD 600 0.7 (2 x 3 0 9 10 8 CFU/ml) for E. faecalis and at OD 600 0.4 (2 x 10 8 CFU/ml) for E. coli. washed once with PBS and fresh media was added. The SEAP reporter assay was (MOI of 0.125:1) and E. faecalis OG1RF (MOIs of 100:1, 50:1, 25:1, 10:1 and 1:1).
6
Heat-killed bacteria were verified by the absence of viable bacteria when plated on 3 3 7 BHI agar. Bacteria were grown in cell culture media for 6 hours, and bacteria-free culture 3 4 1 supernatants were collected after centrifugation (6,000 g) followed by filtration (using 3 4 2 a 0.2 µm syringe filter). Alternatively, supernatants were collected after infecting Post-infection, 20 µl of supernatant was added to 180 μ l of QUANTI-Blue reagent were assessed using the same kit lot and at the same time to avoid inter-assay 3 6 8 variability. under protocol ARF-SBS/NIE-A0247. Catheters were implanted into bladders of 3 7 4 mice followed by bacterial inoculation via a transurethral catheter as previously time of sacrifice were not included in the analyses. Catheterized mice were infected as described above with 10 7 E. coli UTI89, or mixed 3 9 3 at a 1:1 ratio with 10 7 E. faecalis OG1RF, in 50 µl PBS. After 24 hours, whole RNA sequencing results were analyzed as described in [19] . Briefly, reads were 4 0 4 quality checked and adapters trimmed with cutadapt-1.4.1 using default parameters. The mm10 mouse genome was used as reference for tophat-2.0.11.Linux_x86_64 4 0 6
[61] and transcriptional read counts obtained using HTSeq-0. 1% of the score distribution for each cell type, and compared these to equal sized 4 2 4 cohorts of randomly selected genes (S3 Table) . This analysis was conducted 4 2 5 separately in up-and down-regulated gene sets in the two-group comparison. phosphatidylinositol 3-kinase signaling to block apoptotic cell death in macrophages. Enterococcus faecalis tropism for the kidneys in the urinary tract of C57BL/6J mice. 
